| INTRODUCTION
Studies in humans and other animals suggest an association between persistent renal proteinuria and rate of progression of chronic kidney disease. [1] [2] [3] [4] [5] In dogs, a positive correlation between magnitude of proteinuria and time to uremic crisis or death has been reported. 5 Additionally, an association between use of medications that typically cause a reduction in magnitude of proteinuria in patients with chronic kidney disease and improved renal outcome measures has been reported in human and veterinary patients. [6] [7] [8] [9] [10] [11] [12] The urine protein : creatinine ratio (UPC) is a common method for assessing the magnitude of proteinuria in dogs, and strongly correlates with 24-hours urine protein excretion. 13 Consensus statements published by the American
College of Veterinary Internal Medicine (ACVIM) and the International
Renal Interest Society (IRIS) have used UPC as the basis for recommendations related to clinical interpretation of the magnitude of renal proteinuria, including monitoring efficacy of treatment. 6, [14] [15] [16] In healthy dogs, voided urine or urine collected by cystocentesis may be used for UPC measurement. 17 In practice, owners frequently are asked to collect urine at home and bring the sample to a veterinary hospital for analysis. Because animals with severe renal proteinuria can have marked
Abbreviations: ACVIM, American College of Veterinary Internal Medicine; HP, homopolymer polypropylene; IRIS, International Renal Interest Society; PC, propylene copolymer; UPC, urine protein:creatinine ratio day-to-day variation in the magnitude of their proteinuria, the UPC of multiple collected urine samples can be averaged together, or equal volumes of multiple urine samples can be pooled together for a single UPC measurement. 16, 18, 19 Common materials used to collect and store urine at home include polymer plastic food storage containers, glass containers, or medical-grade homopolymer polypropylene (HP) containers.
At low concentrations, adsorption to the surface of polymer and glass containers can lead to significant decreases in measured albumin concentration in human urine samples. [20] [21] [22] [23] Clear food plastic storage containers are commonly made of propylene copolymers (PC), which decrease refraction of light and increase clarity. 24, 25 Homopolymer polypropylene containers are more appealing for biospecimen storage because of their resistance to protein adsorption. 26 Specific hydrophilic coatings or nonionic detergents can be applied to polymers to help prevent adsorption of protein and other biologic material to the surface of the container, but these containers are costly and infrequently used for urine collection and storage.
There also are a variety of temperature conditions under which clients may store urine samples before analysis by a veterinarian. Samples may be stored at room temperature, refrigerated (4 C), or frozen (-20 C).
In 1 prior study, canine urine was stored in an unspecified container type at room temperature for up to 4 hours and at −20 C for up to 3 months without significantly affecting UPC. 27 Storage of human urine at −20 C for as little as 2 weeks has been reported to produce modifications to the albumin molecule that may cause mild preanalytic decreases in measured urine albumin concentration. 28, 29 Several other studies confirm a timedependent decrease in measured urine albumin concentration at −20 C. [30] [31] [32] Although some studies suggest that urine can be stored at −70 C or −80 C for much longer periods of time with clinically insignificant changes in urine albumin concentration, these studies do still consistently identify a small, time-dependent decrease in measured concentrations. [32] [33] [34] Measurement of urine albumin after storage also may be affected by urine pH and method of analysis. 34, 35 Urine creatinine concentrations in urine samples of humans appear to be stable at temperatures ≤-20 C for extended storage times of up to several years. 33, 36, 37 The primary objective of our study was to determine whether significant differences in measured UPC of proteinuric canine urine samples are observed before and after storage in glass, PC, or HP containers. A secondary objective was to determine whether observed differences would be likely to produce different clinical recommendations.
| MATERIALS AND METHODS
Ours was a prospective, nonmasked study. Samples were collected from client-owned dogs with a history of proteinuria. 
| Study Populations
For the first phase of the study, urine was collected at home over a 24-hours period from dogs that had previously been evaluated by the small animal internal medicine service as having probable persistent renal proteinuria. Inclusion criteria included documentation of at least 3 prior UPC >0.5, and urinalysis and culture performed on a urine sam- 
| Sample processing and urine protein measurements
For phase 1, 120 mL of urine from the 24-hours urine collection container was divided evenly into four 60-mL conical tubes and centri- . If necessary because of markedly increased urine protein concentration, the sample was analyzed after 1 : 2 dilution. Urine creatinine concentrations were measured using a modified Jaffe protocol using the same chemistry analyzer.
| Classifications based on ACVIM consensus guidelines
To determine if storage of samples would lead to different clinical recommendations, the samples from phase 2 were assigned a specific clinical response category based on the 2004 ACVIM consensus statement on the assessment and management of proteinuric dogs. 6 For samples from dogs with azotemia, categories included "intervention" (UPC ≥0.5) and "nonintervention" (UPC <0.5). For samples from nonazotemic dogs, categories included "no action" (UPC <0.5), "monitor" (UPC ≥0.5 and <1), "investigate" (UPC ≥1 and <2), and "intervene"
(UPC ≥2). In addition, to determine if differences in UPC based on storage condition could be confused with the significant day-to-day variation that can occur in animals with proteinuria, an alternative "significant change" in UPC was considered to be a change in UPC from the control sample of 35% when baseline UPC was > 8, 50%
when baseline UPC was 1-8 and 80% when baseline UPC was < 1. 3 | RESULTS
| Populations
Urine samples from 2 dogs with suspected persistent renal proteinuria were included in phase 1. The first dog was a 14-year old spayed female Staffordshire terrier with prior UPC ranging from 0.5 to 0.9.
The 
| Urine protein : creatinine ratio results
In phase 1, for the urine sample from patient #1 with a pre-storage UPC ratio of 0.7, mean urine protein concentrations, urine creatinine concentrations, and UPCs differed slightly among combinations of storage conditions (P < .05) but differences between mean ratios were small (≤.01) and a statistical difference between UPCs under individual conditions or all conditions combined and control values was not identified (Table 1) . For the urine sample from patient #2 with a prestorage UPC of 8.6, there was an effect of storage temperature on mean UPC ratio (P ≤ .0005), but there was no evidence of an effect of container type (Table 2) . Mean UPCs were slightly higher (9%) in samples stored at temperatures ≥-20 C (all experimental conditions) than in control samples stored at −80 C (P = .002) and were slightly higher in samples stored in the refrigerator than in samples stored in a freezer (P < .05) because creatinine concentrations decreased more than protein concentrations with storage.
In phase 2, the baseline UPC from the 10 dogs ranged from 0.8 to One limitation of our study is the method of protein measurement. Although albumin is the most abundant protein in the urine of animals with protein-losing nephropathy, the specific types of protein in the urine samples was not confirmed in our study. It is possible that some of the measured protein was not albumin or that the measurement did not account for all the proteins present. The modified pyrogallol red-molybdate method has excellent recovery of albumin and globulin proteins, but can have poor recovery of Tamm-Horsfall mucoprotein as well as several other proteins and peptides that can be found in the urine of humans. 38 In humans, the urinary proteome can contain over 100 000 different peptides, with at least 5000 occurring in >20% of patients. 39 Similar to dogs, albumin is the most common protein in the urine of people with renal disease, but humans also can have a number of other peptides and protein fragments in the urine, including peptides from globulins, collagens, fibrinogen, hemoglobin, and a number of other proteins. 39 Each protein and peptide in urine has a different isoelectric point and, depending on the pH of the urine, can be more or less likely to adsorb to the surface of polymers or glass. If an individual dog were to have a greater or lesser proportion of albumin and globulin proteins in its urine proteome relative to the Abbreviations: HP, homopolymer polypropylene; PC, propylene copolymer; UPC, Urine protein:creatinine ratio. Statistically different from control (P < .05). Abbreviations: HP, homopolymer polypropylene; PC, propylene copolymer; UPC, Urine protein:creatinine ratio.
a While an overall difference between storage conditions was detected (P < .05), mean values for most storage conditions and mean values when all treatments (experimental storage conditions) were combined were not different from controls (P > .05). b Statistically different from control (P < .05). dogs in our study and if the other proteins in that dog's urine reacted differently to the different container types, the UPC results might be different. However, we did have 1 dog with multiple myeloma in our study that might have been expected to have a different urine proteome than a typical dog with renal proteinuria and that dog did not appear to have any more or less variation in its UPC than did the other dogs.
In our study, urine samples came into contact with multiple polymers before and after the specific experimental storage conditions, including collection containers, conical centrifugation tubes, syringes, pipettes, and cryopreservation tubes. Although all of these are homopolymer containers, it is possible that their use exacerbated protein loss because of adsorption, or that the proteins and peptides that are more likely to adsorb to polymer surface had already done so before reaching the study containers. However, the lack of a significant decrease in UPC or protein concentration relative to creatinine concentration compared with prestorage UPC in phase 1 suggests that these changes, if present, would likely be clinically insignificant. Previously published articles evaluating storage of human urine samples suggest that there would be less urine albumin binding to the homopolymer surfaces than to a glass or propylene surface, but this may not apply to canine urine. [20] [21] [22] [23] Therefore, we cannot rule out the possibility that collection and storage in glass or PC containers only (no contact with a homopolymer of any kind) before analysis would result in even less variation in measured protein concentrations.
Although our study was designed for a power to detect a 10% decrease in UPC in a severely proteinuric sample (from 10 to 9) and a 33% decrease in UPC in a mildly proteinuric sample (from 0.6 to 0. focusing on patients near these cut-off points (especially the 0.5 value) would be required to better determine whether container type or storage temperature might actually lead to different recommendations in some of these patients. Prior studies have suggested that to suspect an actual change over time as a result of disease progression or response to treatment, rather than merely day-to-day variation, relatively substantial changes in UPC must occur. 18 Extrapolating from those studies, our study evaluated criteria for significant change from baseline UPC values of <1, 1-8, or >8 of 80, 50, or 35%, respectively.
However, these are not validated criteria and some clinicians may choose to accept smaller changes as clinically important.
In conclusion, canine urine samples likely can be collected and stored in clean HP, PC, or glass containers at 24 C for 4 hours and −20 C for 72 hours with minimal effect on UPC values. Caution should be used when storing urine at 4 C for ≥12 hours, because results of our study indicate that doing so may lead to an increase in UPC ratios, although it is also unlikely to cause clinically relevant changes. 
